A mechanistic model to describe the spread of phocid distemper virus by Koeijer, A.A. de et al.
Centrum voor Wiskunde en Informatica
REPORTRAPPORT
A mechanistic model to describe the spread of phocid distemper 
virus
A. de Koeijer, O. Diekmann and P. Reijnders






1090 GB  Amsterdam
The Netherlands
CWI is the National Research Institute for Mathematics
and Computer Science. CWI is part of the Stichting
Mathematisch Centrum (SMC), the Dutch foundation
for promotion of mathematics and computer science
and their applications.
SMC is sponsored by the Netherlands Organization for
Scientific Research (NWO). CWI is a member of
ERCIM, the European Research Consortium for
Informatics and Mathematics.
Copyright © Stichting Mathematisch Centrum
P.O. Box 94079, 1090 GB  Amsterdam (NL)
Kruislaan 413, 1098 SJ  Amsterdam (NL)
Telephone +31 20 592 9333




?fi@ ACB>DFE7DHGIJD#A K<D>L.MONQPfiEOISRffA DUTUVW7B7BUMYX ZUN [!D]\^D>L_`DaA KbB>EcDULdfe



















©xª¬« ­b®¯©f°Y±Y±}®i²f³ ´^µxµ-¶·³ ¸¯¹xºµa»z¼F½·®z¹i¾ ½³»À¿'ª ÁÂªÃcÄiÅµa²f®}¾ ®zÆ}¶µF¶<­z®ÇÆi®z¹b¶<­Çµ-Èº.µ]Å®¶<­b¹x»À­b¹i¾ Èµ-È¶<­z®À²fµa²iÄY¾ ¹b¶·³ µa»]ª
É
®^Êf®YÅq¹i¾!Å®^½Ë®z¹iÅ¸Y­z®YÅ½­b¹bÊ-®Ìx¶Í¶®^ÆFÆx¹z¶Ë¹ÈËÅµaºÎ¶<­z®fi®Y²f³ Æ]®Yº(³ ¸Ï ³ ¶<­fi¶<­z®FÐ®YÅº(¹b¸iÑ¹x»zÆÓÒff¸iÐ®Y»zÆUÅq³ ¸YÑ¯ºµxÆi®f¾UÈµxÅQÆx³ ½Ë®z¹f½Ë®
½^²-Å®z¹fÆUª
Ôaª'Á}®ff¹YÅ¼aÄz®ff¶<­b¹b¶Èµ]Å!¹x»f³ º(¹i¾ ½.¾ ³ Êi³ »z¼4³»4­z®YÅÆi½(µxÅJ¸^µx¾ µa»f³ ®^½^Õ!¾ ³Ñ·®ff½·®z¹i¾ ½zÕ>¶<­z®4ºÄ^¶<Äb¹i¾a¸zµa»^¶Ë¹f¸<¶ffÖ-®Y­b¹bÊi³ µaÄiÅl³ ½½zÄz¸Y­¶<­b¹b¶
¶<­f³ ½º.µ]Æi®-¾cµaÄz¼a­^¶
¶µÓÖ-®¹]²]²-¾ ³ ®^Æ¯Ï'³ ¶<­4½^²-®^¸b³ ¹i¾7¸z¹YÅ®fiÈµ]Å¶<­z®Æx³ ½¶·³ »b¸<¶·³ µa»ÀÖf®<¶ÏQ®^®i»¬»iÄiºÖf®iÅ ½¹]»bÆ}Æi®Y»z½%³ ¶·³ ®^½zªÇ« ­f³ ½³ ½
½^­zµbÏ»ÇÖ%×¹Çº®^¸Y­f¹]»-³ ½¶·³ ¸Æ]®^½Ë¸YÅC³²^¶·³ µa»µ-Èl¶<­z®fi¸^µa»^¶Ë¹f¸<¶½ ¹xºµa»b¼½Ë®z¹i¾ ½^ÕOÏ.­f³ ¸Y­¾ ®z¹fÆi½Äz½¶µ¹fiÆx³ ØO®YÅ®Y»^¶(ÈµxÅºffÄ-¾ ¹b¶·³ µa»µ-È
¶<­z®
½¶Ë¹x»zÆ]¹iÅÆ}ºµxÆi®f¾ª
ÙaªQ« ­-³ ½'Èµ]ÅºffÄY¾ ¹b¶·³ µa»³ ½(Äz½Ë®<È·Ä-¾xÈµ]Å7¶<­z® Æi®z½Ë¸YÅC³ ²z¶·³ µa»µ-È!®i²f³ Æi®iº(³ ¸z½¹xºµa»z¼¹i¾ ¾OÑz³ »bÆi½µ-ÈQ¹x»f³º.¹i¾ ½¾ ³ Êi³ »z¼³ »­z®iÅ Æ]½zª
Ú
ªÛ#ÄiÅ ¶<­z®YÅ`¹x»b¹i¾ ×-½Ü³ ½½^­zµbÏl½¶<­b¹b¶ ¶<­z®½^ÄiÅ Êi³ ÊY¹i¾#µ-Èl³ »zÈ®^¸<¶®zÆÇ¹x»f³º.¹i¾ ½
­f¹b½.¹ffÆ#³ ½^²-Åµa²-µ]Å ¶·³ µa»f¹z¶®-¾ ×4¼aÅ®z¹b¶.³»^ÝcÄb®Y»z¸^®µa»ff¶<­z®
³ »^¶®Y»b½Ü³ ¶×fiµ-ÈJ¶<­z® ®Y²f³ Æi®Yº
³ ¸iª
Þ










fiffffifl "!$#%"&'fl(&*)+,-,#*+/.0.#*-213ff54fi+,)&'+67$89ff5#'ff#:;!<-,89ff<=%89ff>)&ffi+ 6?#:fl 8"&ffiff0&'ff5fl .<@4.<&<38;7A7<8;- fl,6?4B+(C>89+ #*
7<89-,#*- 0DFE(GH@I/JK.<89/.L3#'M- fi7L#09#*+ =*@fi48;7<6N8;#*6N&'ff<=0fl.<.B#*+1B&ffiM+- fi#:9-fiJOQP>RSUTWVfiXZY\[<]^XZ_
T`(a;Jb89ffLff<&ffi+,fl.>c
KQfi- fl,fi+ffedQM+,&ffi4BA8;ffgffih'i*iBjkG@M+ 8;ff<=lfl .8;-Nfi48"mfi&ffi&'fl,89:Jn89ffo-,&ffi6W#*+ fi#'-6N&'+ 5fl.#*ffp.#:")q&*)qfl .<L- fi#*;-N7<8;fi7r#'-
#s+,- M"fl@&:)2fl .08;ff>)fl 8"&ffiffj$tq6N&'ff=Lfl .<$6?#*ffffi!u#'+,fl 8;3"-vK+,8;fl,fl fiffl&'ffkfl .<$-M1>wxflfiJ#W)3KyM- $6N#*fl .<6?#:fl,893#*
6N&<7<39-zfl,&07<- fi+,891vfl.<{fi48"mfi&ffi&'fl,8;&*;&*='!0&:)|fl .<89-28;ff<)fifl 8"&ffiffj
}q3897<3c~ffi*+ =*ff-,ff{#*ff7%}#'+ 
&'fffiff0D ffih*hffi:#>I^fB7<- fi+,891B(fl .<2K2#!{7#:fl#q#*1&'Mflfl.<2fi4<8;m3&>&*fl 8;K(+,Q#*fiŁffiM8;+ fi7
#*ffB7{#*ff#*"!<- fi7@#*ff7fl .<ff@4<9#:89ff@fl .<QM-,&:)B#7<89-3+ 3fl,fl 8;6NQ-,fl &>/.B#*- fl,89n6N&>73*fl &ffB7@fl .<(8;6?4&'+ fl #*ffffifl)#:flM+,-
&:)|fl .{fi4<8;m3&>&*fl 8;*jz.<89-6N&<7<38;-1B#*- fi7A&'ffWfl .<@)F#'6N&'M-z{+ 6?#'/0#*ff7Wu3{fiff7+ 89/$6N&>73nD ffih'ffi*Ivf3)&ffi+
89ff>)fi3fl,8;&'M-z7<89- fi#*- fi-Q#*ffB7$89ff9M7<-z#%9#:fl fiff3!$4B+,8;&<7jxff5fl.<vfi- fl,896N#*fl,8;&'ffA&:)fl.<@8;ff<)fifl 8"&ffiffA4B#*+#*6N3fl fi+-3J>Ł>M<8"fl 
7<8"b+,ffffiflN+ fi-M<;fl -KQfi+ 5&ffi1<fl #*8;fffi7)&ffi+7<8"
fi+ fiffffiflN3&*;&'ff<8;fi-fijkz.A89ff>)fi3fl,8;&'ff+#:fl p-,fifi6?-%fl &l7fi4fiff7r&'ffefl.<
- 8"mfi5&:)fl.<W&'1- fi+ C*7e&*;&'ffffi!'J89ff- fl,#*7e&*)q1Bfi8;ff<=l#u3&'ff- fl #'ff'fl&C*+#:;(fl.<s7<8
fi+ fiffffiflN&*;&'ff8"-%#*-4fi3fl,fi7j
MB+,fl.<fi+6N&'+ A#LB>7fl.+,- .&*97-,8;m3'Jn1Bfi"&KK.<8;/.r# ;#'+,='*fi4<897<fi6N89Afi#*ffff&*fl- fl + 89:5fl.<s&*;&'ffffi!'Jn&'M;7
ff<&'flv1N73fl,fl fi7j%v1- fi+ C#:fl,8;&'ffB-q-.<&K(7sfl .#*flv#*"|&'"&ffiff<8;fi- 8;ffufl .<N#:fl fl,3=ffi#:fl,cx¡>#*=*fi++#*0#*+ fi#5K(+,%fiŁ>M#:;;!
#¢089fl fi7j
£¤ +,ff>)3;¥J>¦&'ff<+,=ffi#*ff?#*ff75} #'+,KQ&>&>7sD ffih'h''I fi- fl M78"70fl .<@-#*6N 6N&<7<3DFKz8;fl .&'M<fl2#9#:fl fiff3!?4fi+ 8;&>7bI|89ff5#
&ffiffffifl,89ffffiM&'M-|fl 8;6Nq7<fifl,+ 6N89ff<8;- fl,89zC'fi+-,8;&'ffJ*8;ffN&'+7<+|fl,&='8"C'24B+,7<8;3fl,8;&'ff-n&'ff)FM<fl MB+,E(GH§89ff897<fiffB89ffNfl .<q- fi#*
4&'4M<9#:fl 8"&ffiffjGv#'6N48;ff<=%&:)ff<3Ko&'Mfl 1+ fi#'ffi-nKQ#'-4+,7<89fl,7J'ff#:;;!%;fi#*78;ff<={fl &%#{- fl #*1"zff7<fi6N89zfiŁ>M<8;;8;1+ 89M6Wj
tC'fi+#:='%7#:fl#5KQfi+ MB-,7L)&'+@4#'+ #'6N3fl,+-,fl 8;6?#:fl fi-@#*ffB7L)FM+ fl .<+@7#:fl#A#'ff#:;!<-,89-q3&'ff3fiffffifl +#:fl fi7L&ffiffu+ 3=*8;&'ffB#:
7<8"b+,ff-89ff7<#:fl .r+ #*fl,fi-fij¨z.<56N&<7<fi";8;ff=k4+ &'1<;fi6?-#'-&ffi1-,+,C'fi71ffi!}q3897<3c~ffi*+ =*ff-,ffk#'ff7e}N#*+b&ffiff<fiff
ffiKQfi+ @ff<&*fl2)&ffiMff7j
©Q&'fl .§- fl M78"-A7<89-4<;#!ofl .k-#*6NLª#K«89ff§fl .<l#*44"893#*fl,8;&'ff¬&:)%#K(fi"@>ff<&Kff¬6&<7<fi¥j­xff§fl .389+5#*+ fl,89;
f3JB{+ 6?#*/5#*ff7su3{fiff7B+,89/57<- fi+,891{fl .<%3&'ffffifl #'fl-1Bfifl®K(fififfs89ff7<8;C>8;7MB#:9-1ffi!Afl.<9#Kg&*)6?#'- -#'fl 8"&ffiffJ
K.<89/.?6#*ff-nfl .#*flnfl .< 4B+n3#'4<8"fl#{ff>M6%1fi+&:)&'ffffifl#*fl-4B+Mff8"fln&*)bfl 8;6N89-4B+,&ffi4B&ffi+,fl 8"&ffiff#:>fl,&%fl .<q4&'4BM<;#*fl,8;&'ff
7<ff-,8;fl®!*j¯°.<8;"2M- 8;ff= fl.<8;-|6N&<7<3\J*+ fi- fi#'+ /.<+ -M- MB#:;"!?DF34<"898;fl,;!&ffi+896?4<"898;fl,;!BI#*-- M6N(fl .#*fl7<ff- 8"fl 8"-Kz8;;
1N4+ &'4&'+ fl,8;&'ffB#:fl &Afl.<Nfl,&*fl#:|4B&ffi4M<9#:fl 8"&ffiff¨-,8;m3'JK.<89/.¨#:;"&K-qfl .<6±fl,&W+,4<9#*fl .<?7<ff-,8;fl,8;fi-@1ffi!Lff>M6%1fi+-
D¥t ff7<+ - &'ffJzfh*iffi'I$f/Jnfl .W#'7<C#*ffffifl #*=*$&*)qfl,&'fl #:2ff>M6%1fi+-N1Bfi8;ff<=lfl .B#:flNfl .<fi!#*+ A6N&'+ $fi#'-,8;;!l&ffi1- fi+ C*fi7&ffi+
6Nfi#'- M+ fi7jvz.<89-@6?#!s1Nfl +M<)&ffi+v3fi+ fl #*8;ff¨4&'4BM<;#*fl,8;&'ff-v#*ffB7s)&'+v&ffiff'fl+,&'";fi7¨;#'1B&ffi+ #*fl,&'+ !534B+,896Nfiffffifl -ND¥1BM<fl
- 3#:9- &0G %~'&'ff=BJGv8">6N#'ffffL#*ffB7A} 3-,fl fi+1BfifibJD¥8;ffL4+ fi--/I@ FIUJ
1M<flq8"fl89-q3fi+ fl #*8;ff<;!5ff<&'flq&ffi+ + fi3flQ)&'+- fi#*;-fij
¦89:6N#'ffffi!A&'fl .<+q-4B8;fi-fiJb- fi#*;- #:=*=ffi+,fi='#*fl,@8;ffu&*;&'ff8"-3JK.<8;/.u#:;"&K-zfl.<389+ Cffi89+M-,-zfl,&W4+ &:Bflz)F+ &'6²#$C'fi+ !
.<8;='.p.<&'- fl7<ff- 8"fl®!'jz.>M-N8;flN- 36?-%;&*='8;fi#:fl.#:flNfl .W7<ff- 8"fl®!eKz8;fl .<89fffl.<s&*;&'ffffi!89-%896?4B&ffi+,fl#*ffffifl3J#'ff7ff<&'fl





&'"&ffiffffi!0Kz8";8;ffB3+ fi#*- v&'+27<fifi+,#*-  Kz8;fl .Wfl.<{-,8;m3@&:)fl .<4&'4BM<;#*fl,8;&'ffj|¯°.<ffs6&<7<fi";fi+-2ff<3='"fl2fl .8;-2)#:flM+,'J
&ffiff- 8;- fl,ff'flQ+,- M"fl-(6?#!$- fl,8;"1q)&ffiMff7J>K.<ff$fl .v4&'4M;#*fl,8;&'ff5- 8;m3v8;-Q&ffiff-,fl#*ffffifl(7BM+,89ff<=Nfl .<@4fi+ 8"&<70&*)-,flM7<!'j
}q&KQ3C'fi+fiJ*K.<ff0KQ &ffiff- 8;7<+#'ff08;ff<)fifl 8"&ffiff089ff7M38;ff<=N.<8;='.$6N&'+ fl #*"8;fl®!*Jffifl .fiff$fl.<fi-  #'- 4fi3fl -Q- .&'M<97$1 :4<fl89ff
6N8;ffB7j|¯kz3#'ff%fl.<fiff?ff<&@;&'ff<='fi+|#*4B4<"!%fl .<2{fi+6?#*/{#'ff7%k{fiffB7+,89/{6N&<7<31ffi!%- 8;6?4<;!%+ fi4<9#*38;ff=v7<ff- 8"fl 8"-
1ffi!0ffffiMB6%1fi+-3j|MB+,fl.<fi+27<89- fiM--,8;&'ff0&ffiff$&ffiffffifl #*3fl(+#:fl fi-(8;ffA+,fi;#*fl,8;&'ff0fl &N7<ff- 8"fl 8"-Q#'ff7$ff>M61B+ -23#'ff$1q)&ffiMff7$89ff
Gv8"ffi6?#'ffffW3fl#:\j2DF89ffs4+,- -/Iv ´\µBG ~'&'ff<=N3fl#*¥jq j
xff?fl .<qfi#*- &:)
fl .qEGqH°8;ff<)fifl 8"&ffiffJffifl .<fl &*fl#:ff>M61B+&:)- fi#*;-n/.B#*ff<='fi-89ff7<fifi707M+ 89ff<=fl .fi4<8;m3&>&'fl,89:J'7BM<
fl,&{#{.<8;='.N7<#:fl .?+#:fl *j©2!%3&'6?4#'+,89ff<=@7<8
fi+ fiffffifln3&*;&'ff<8;fi-&'ff3#*ffN- 32fl .#*fl3J'K.<fiffN#*-.<&'+ *Jfl.<#*+ fi# &<3fiM4<8;fi7
1ffi!fl.< - fi#*;-7<fi4fiff7B-&ffiff?fl .<v&*;&'ffffi!N-,8;m3'j®flQ#*44fi#'+ -nfl .#*flfl . 7<ff-,8;fl®!N&:)-,#:9-n89-6N&'+ &ffi+"- -fiŁ>M#*B89ff$#:;
fl .N3&*;&'ff<8;fi-fij z.<89-v4<9#:89ff- K.'!sfl.<Nfi+,8;fl,893#*3&*;&'ffffi!s-,8;m3'J
13;&K¶K.<89/.¨#$9#*+ =*%fi4<897<fi6N89fi#*ffff&*flq&<fi3M+fiJ
3#'ffff<&'fl1B)&'Mff7j¯§8;fl .${fi+6N#'/%#'ff7?u{ff7+ 8;/%K(fi#*ff03&'ff3;M7fl .#*fl3J>#*-(#*ffNfi4<897<689q.B#*-n&<fi3M++,7J
fl .A#C*+ #*=*07<ff-,8;fl®!l8;ffedQM+ &'4fi#*ff- fi#*(&'"&ffiff<8;fi-6M-,flN1BA#*1&C*$fl.<53+ 8;fl,893#:Q7<fiffB-,8;fl®!*juz.57<8"·0fiM<;fl®!l89ff
7<fifl,fi+6N8;ff8;ff<=k4#*+#*6N3fl fi+{C#*;M<-{)&ffi+fl .A- fi#:8;ff>)fl 8"&ffiff3#'ffe#:9-,&¨153<4;#*8;ff<7e1ffi!kfl.<8;-N&ffiff- fl #*ffffifl%7fiff- 8"fl®!'j
z.>M-fiJ(#*-N} 3897<c®~''+,='fiff- fiffe#'ff7p}#*+
&'ff<ff-M<=*='fi- fl,fi7rfl .<6?-,fi"C'fi-WDF} 3897<c®~''+,='fiff- fiff3fl?#:\j¸ffih'h'*#r^fµ
}qfi8;7c®~''+,='fiff- fiff0fifl#:\j2ffih*hffi:?^fFIUJfl.<{Mff<4fi3fl,fi7s+ fi-M<;fl -2&:)fl .<fi8;+q4#*+#*6N3fl fi+(fi- fl,896?#:fl,-z#*+ @4<9#:89ff<fi7
1ffi!$fl .{fl®!>48;fi#:='+ 3=ffi#*+ 8"&ffiM-Q1B.#C>8"&ffiM+Q&:)|fl .<- fi#*;-fij
©Qfi"&K¸K(vKz8";4<9#:89ff5#?6N&<7<3
)&ffi+Qfi4<897<fi6N89v&'M<fl1+,#*>-(8;ffW.<fi+7-fiJM- 8;ff<=?ff>M6%1fi+-Q8;ffB-,fl fi#*7A&:)7<fiff- 8;fl,8;fi-fij
z.<89-%6N&<7<3(8;-1#*- fi7&ffiffe#*-- MB6N4fl,8;&'ff-3&'ff3fi+ff<89ff<=Lfl .<A&'ffffifl#*fl-,fl+ M3fl M+ $#*6N&ffiff<=u- fi#:9-fiJ#*ffB7e;fi#*+ ;!¨Bfl-
13fl,fl fi+qfl,&0fl .%&'";fi3fl,fi7s7#*fl #N)F+ &'6fl .<%- fi#*fi48"mfi&ffi&'fl,89:j(xffsfl .<{)&'";&Kz89ff<=?K(@+- flz4<9#:89ffsfl .<@)&ffi+ 6M<;#*fl,8;&'ff
&:)|fl .8;-6N&<7<fi8;ffWfl.<%&ffiffffifl,<fl2&:)|EGqHc8;ff>)fl 8"&ffiffW#'6N&'ff<=0.#'+ 1&'M+2- fi#*;-fij³q3>flzKQ-.<&K¸fl.<6?#:89ff5)#:flM+,-
&:)#*ffN4<8;7fi6N8;q#*-n7<- fi+,891fi7?1ffi!%fl .8;-(6&<7<fiB#*ffB7?fl .<ff?=*8;C*z4#*+#*6Nfifl,fi+|-,fl 8;6?#*fl,fi-)F+,&ffi6¹fl .ffih'i*iv7#:fl#j|z.<
6N&<7<38;-vff<&*fl +,-,fl+,89fl fi7sfl,&A-,#:9-3Jb1M<flq#'44<;8"-3JbK.<fiff3C*+zfl .4fi+qfi#*4<8;fl #5ffffiMB6%1fi+&*)n&'ffffifl#*fl-4fi+vMff<8;flq&:)
fl,896N{8;-8;ff7fi4fiff7<ffffiflz&:)4B&ffi4M<9#:fl,8;&'ffW- 8"mfi*j
º»¼<½	9¼¾>¿N¼¬À½<Á¿
vffL#*ffsfiC*&';M<fl 8"&ffiff#*+ !$fl 8;6N-3#*"'JBfl.<%- fi#:&'"&ffiff<8"-z&:)³ ¯¬c\dQM+,&ffi4B6N#!W1BN&ffiff-,897<+,7W#'-q#0- 8;ff=*;%;&'- fi7
4&'4M<9#:fl 8"&ffiffj5vffufl.<$6%MB/.k-.<&'+ fl,+vfi4<897<fi6N89?fl,896N$- fi#:;*J.<&KQ3C'fi+fiJ
fl .<89-4&'4M<9#:fl 8"&ffiffk.B#*-@fl .?)fi#:flM+ fi-@&:)
#e6N3fl#c®4B&ffi4M<9#:fl,8;&'ffÂLfl .<+,u#'+,s&ffiff<"!r)3K²/.#'ff<=*-01Bfifl®K(fififfofl .<k7<8
fi+ fiffffifl$-M14&'4M;#*fl,8;&'ff-LD\&'"&ffiff<8"-UI/j





t;- fi#*;-z#'+,@- MB44B&ffi-,7Wfl,&01B{Ł>M#:;"!A- M-4<fl,891<;#*ff7AfiŁ>M#*";!$89ff>)fi3fl,8;&'M-fij
xff>)fl,8;&'MB- ff<- -z#'ff7s- MB- 3fi4<fl 8;1<8;;8"fl®!5#'+,@fl 8;6N{89ff7<fi4fiffB7<fiffffifl4#'+ #'6fifl,+ -fij
EGqH¸89ff>)fi3fl,8;&'ff$89-)&*;"&KQfi70fi8"fl.<fi+Q1ffi!07<fi#*fl .0&ffi+;8)fi"&ffiff<=%896?6%Mff8"fl®!'Jffi;89:)&ffi+&'fl .<+6N&'+1<8;";8"c\C>89+ M-8;ff<)fifl 8"&ffiff-fij
t;fl.<-,#:9-z&ffi6{#'- .<&ffi+,vfi#'/.5fl 8;6N{fl.<{fl,897<{=*&>-(&ffiM<fl3j
t;- fi#*;-2;8;ffM4589ffs#?+,&KÊ#:;&'ff<=Nfl .<-.<&ffi+,fi"89ff<{#*ff7Afl .8;-+ &K¸Kz8;;1B@)&ffi+ 6Nfi7s+#*ff7&'6N"!'j









Î -M#*";!L-,#:9-q#*+ - &*;8;fl #*+ !W8;ffLfl.<NKQ#*fl,fi+fiJbK.<fi+ %fl.<3!L.#C'%fl .389+q&Kff¨4B+,8;C#:fl,%-.<8;ff=A+ &'M<fl fi-fij@¡ffi&<89#:;8)'J
8")#:flq#*"\Jfl#**fi-4<9#*3&'ffu.#*M<"c&'M<fl- 8"fl fi-fiµ
8;ffsfl.<%¯#*77fiffk¡ffi#0fl .fi- %#*+ fl .%fl,897#*-#*ff7L1#'ff>-3jz¯°.fiffLfl.<
fl,897<8;- &'M<flv#*ff7¨fl .<N1#*ff>-v#*44fi#'+3Jb-,#:9-q#*=*='+ 3=ffi#:fl @#'ff7¨6N&'+ &ffi+;fi--)&ffi+ 6²#5+ &K¶#:;&'ff<=0fl.<N-.<&ffi+,'jz.<
C>8;+M-{89-{fl.<&'M<=ffi.ffiflfl,&¨-4+ fi#*7l7M+ 89ff<=Lfl .<89-%+ fi- fl,89ff<=¨4fi+ 8"&<7l&'fffl.<51#'ffbJ- &Lfl,&L)&ffi+ 6M<9#:fl,0#L6N&<7<3(K(0Kz8;;
&ffiffffffifl +#:fl,v&'ffWfl.<8;-q4B+,8;&<7j
vffefl .<s-#*ff71B#*ff>-&:)fl .AG@M<fl /.r¯l#'77<ff-,#Lfl .W- fi#*;-fl®!<4<8;fi#:;"!k)&'+6Ï#u+ &KÐ#:;&'ff<=kfl .<AKQ#*fl,fi+ ;8;ff<'j
t;fl.<$- fi#:9-{#*+ ?&'+ 8"ffffifl,fi7k89fffl .<$-#*6N$7<89+,fl 8"&ffiffJff<#*+ "!k#:;n&:)2fl .<$.fi#*7B-7<89+,fl,7lfl,&sfl .<5KQ#*fl,fi+@7<=*'j
z.<WC>8;+M-N8;-Nfl+ #'ff-x)+ + fi7r1'!p#:fi+ &'- &*9-%- fifi+,fifl,7eK.<8;"L&ffiM<='.8;ff<=l#*ff7p- ffB#*+ "89ff<=Bjp¡<M/.p#*fi+ &'- &*9-%fi#*ff&ffiff<;!
+ fi#*/.0ff&'- fi-(&:)#*ff8;6?#:9-(C*fi+ !0;&'- q1ffi!*J<- &#*ff$8;ff>)fl 8"&ffiM-2-,#:
3#*ff$&'ff<;!?8;ff>)fl28;fl -Qff<fi#'+,-,flQff<38;='.>1&'M+-n89ff$fl.<
;8;ff<'jQz.>M-fl .<3bfl 8"C'%7<fiffB-,8;fl®!5&*)fl.<%#*ff8;6?#:9-z&ffiffAfl.<%1fi#'/.A89-q3&'ff- fl #'ffffifl#*ff7W89ff7<fi4fiffB7<fiffffifl&*)|fl.<fl &*fl #*
ff>M6%1fi+q&:)- fi#*;-q&'ffsfl .1#'ffbj¯°.<fiff¨fl .<N&*;&'ffffi!s-,8;m37<fifi+,#*- fi-fiJBfl .+ &KgKz8;"|1fi&ffi6N-.<&'+ fl,+3Jb1M<fl - fl,8;;
#:;- fi#:9-QKz8";.#C' fl®KQ&Nff38;='.>1B&ffiM+-3J>3fi4<fl2fl .&'- v#*flQfl.<{fiffB7-3J- &Nfl .<v)&'+@&*)89ff>)fi3fl,8;&'ffAKz8";&'ff<;!57<4Bff7




.<&>&'- sÖ×fl,&+,4+,-,ffffiflfl .<sff>M6%1fi+&:)v- M-4<fl,891<;A- fi#*;-8;ffrfl .<s&'"&ffiffffi!*ju¦3flNØe7<fiff<&'fl,Afl .<sff>M6%1fi+N&:)
89ff>)fi3fl,8;&'M-v#*ff7LÙyfl.<ff>M61B+&:)+ fi- 89-,fl#*ffffiflDF896?6%MffIz#'ff<896N#*;-fijqÚÛ7<ff<&*fl fi- fl .<fl,&'fl #:ff>M6%1fi+ &:)n- fi#:9-89ff
fl .&'"&ffiffffi!*Jfl.<fi+ )&ffi+,ÚÏÜ¶ÖLÝØ{ÝpÙjz³ &*fl fl .#*flKQ%7<fi-3+ 891B%ff>M61B+ - ff<&K{JBff<&'fl 7<ff- 8"fl 8"-3j2|8;ffB#:;"!W"fifl
s7<fiff&*fl,@fl.<{4+,&ffi1#*18";8"fl®!0&*)|78;- fi#'-,vfl +#*ff-6N8;-- 8"&ffiffJ>K.<fiffW#?- M-4<fl,891<;{#*ff7W#*ff58;ff>)fl 8"&ffiM-- fi#:
;8"{ff<3<flzfl,&
fi#'/.5&'fl .<+z7M+ 8;ff=N&ffiff<@"&Kgfl,897<4fi+ 8"&<7j
¦3flzM-Q896?#:=*89ff<vfl .#*fl2fl .<@+,&K¸&:)- fi#*;-26?#**fi-Q#38;+;*J>K.<89/.5KQ@;&'- qKz8;fl .A&'ff<v8;6?#*=*89ff#*+ !s fi#*+71B&ffi#*+7
- fi#:D¥ff<fi8"fl.<fi+ - M-4<fl,891<;%ff<&ffi+z8;ff<)fifl 8"&ffiM-/IUjzz.<fiffsfl.<4B+,&ffi1<"6Þ&*)78;-&ffiff'fl 8;ff>M<8;fl®!A#*flfl .fiff7B-&:)fl.<%+ &Kg89-
- &*;C*fi7s#'ff7LKQ%3#'ffsfi#*- 8;"!s3#*;fiM<;#*fl,fl.<{)&ffi+ 3&:)n89ff>)fi3fl,8;&'ffs)&ffi+q#'ffL#C*fi+#:='v-M-4<fl,891<;%Kz8;fl .<89ffLfl .8;-v89+ 3"'j
z.<?4+ &'1#'1<8";8;fl®!Wfl &W1N8;ff>)fl fi7l1'!Lfl.<N"3)fl@ff38;='.>1B&ffiM+ 8;-2NßzØ<àÚeJK.<89/.¨89-vfiŁ>M#:fl,&Wfl .?4B+,&ffi1#*1<8;;8"fl®!s&:)
89ff>)fi3fl,8;&'ffs1ffi!$fl .<+ 8;='.ffiflzff<38;='.>1&'M+fij|+ &'6Ðfl.<- MB6ÐK({-M1<fl+ #'fl2fl .<4B+,&ffi1#*1<8;;8"fl®!$&*)7<&ffiM1<;@8;ff>)fl 8"&ffiffAK.fiff











tq-sãÏ8;-Afl .l4+ &'1B#*1<8;"8;fl®!p)&'+$&ffiff<k-M-4<fl,891<;k#*ff8;6?#:vfl,&o1B&ffi6k8;ff<)fifl fi7J fl .<l4+ &>7BMfl¨Öãä89-5fl.<
4fi3fl,fi7Aff>M6%1fi+(&:)ff3Kz;!N89ff>)fl,7A- fi#*;-8;ff5&'ff< fl,897<@4B+,8;&<7jnz.<89-3<4B+,- - 8"&ffiff?8;-2M- fi7$8;ffA#%7<fifl,fi+6N8;ff8;- fl,89
6N&<7<3\JK.<+,%ÖãåKz8";1{fl .<+#:fl @&:)7fi3+ fi#'-, )&'+qÖr89ffWfl,896'j
&¬#*ff#*"!<- ufl.<e-,!<- fl,fi6æfl.<&'+ &'M='.<;!*Jv#)FM+ fl .fi+s-,896?4<;8fi#:fl 8"&ffiff°89-W6?#'7<*j±¡>M44&'- Wg89-W-6?#:;¥Jvfl .fiff
D\âuBØ<àÚkI Kz8;"1$;&'- 0fl,&¨s#'ff7eãÞ89-#:96N&'- fl@fiŁ>M#:fl,&¨BØ<àÚeJ+ fi-M<;fl,89ff<=s8;ff#*ffl3<4fi3fl,7lff>M61B+{&:)
çD¥#*;6N&ffi-,fl/I 3bÖØà/Úèff<3Ké3#'-,-vfi#*/.kfl,897<$4fi+ 8"&<7j0z.>M-@KQ0#*++,8;C*?#:fl{#s-,896?4<;04+ fi--,8;&'ffJK.8;/.l3#'ffk1




-M+,C>8;C#:')&'+#*ff<896?#:9-fl.#:fl|+ fi#*/.fl .<Qfiff7%&:)Bfl.<Q8;ff>)fl 8"&ffiM-|4B+,8;&<7J:fl .fiff%#'ff4<8;7fi6N8;(89fffl .Q- fi#*>4&'4BM<;#*fl,8;&'ff












































































ßxffA='fiff<+ #*¥J#?9#K¸&*)|3&'ff- fi+ C#:fl 8"&ffiff53>89- fl -fiÂnz.<@)F+ #'fl 8"&ffiffA&*)|- fi#*;-z7!ffi89ff<=$#'-z#0+,- M<;fl2&:)|fl .<%8;ff>)fl 8"&ffiffAKz8;;
1 ŁffiMB#:bfl,&Nfl .<vfl,&'fl #:)F+#*fl 8"&ffiff0fl .B#:flQ=*&*fl(8;ff<)fifl fi7A7M+ 8;ff<=fl .<@4<8;7fi6N8; 6%M<;fl,894<;8"75Kz8;fl .5fl .<@4+ &'1#'1<8;"8;fl®!?fl,&
7<8;7M<{fl &Nfl.<{89ff>)fi3fl,8;&'ffj
D,fzâûbInÜ¹D,fzâlüBIUD fzâîI D\j"fffiI
z.<qfl®KQ&%ŁffiMB#:fl,8;&'ffB-D¥h>In#'ff7LD ffiffiI7<fi-3+ 8;1qfl.<vfiff703bfl-(&*)#*ff04<897<fi6N89q&ffiff$#-M- 3fi4<fl 8;1"@4B&ffi4M<9#:fl 8"&ffiffj
z.<fi!u#*+ NMB-,7¨fl,&s-,fl 8;6?#:fl ?fl .<?C#:9M<?&:)Qfl .<04#'+ #'6fifl,+ -vÙ ÷ #'ff7lî)&'+@fl .N4<897<fi6N89&*) fh*i*iBj¯l?fi#*ff
+ 3K+ 8"fl qfl .8;-2#*-(89ff¨D,f'fIn#*ff7uD,fffiIUJ>K.<89/.$-.<&K-fl.<v8;ff>ªbM<fiff3 &*)fl .v4#'+ #'6N3fl,+ -&'ff0fl.< ff#:
C#:9M<-3jz.<89-

















tq-n8;='-f#*ff7?@- .&K{J:Kz8"fl.?fiŁ>M#*B4#*+#*6Nfifl,fi+-fiJfl .<-#*6N2)F+#*fl 8"&ffiff%&*)
#'ff<896N#*;-nKz8";B1fi&ffi6Nz8;ff>)fl fi7?89ffN#'ffffi!
&'"&ffiffffi!*JB89ff7<4Bff7<ff'flv&:)n8;fl -v- 8"mfi*jvv1- fi+ C#:fl 8"&ffiff-q-.<&K×fl .#*fl 6N&'- fl&*)nfl .<?&'"&ffiff<8"-z89ffLfl .<?#*+ fi#?='&*flq#:bfl fi7
C*+,!A#)fl,+#*ff&*fl .fi+fijz.<fi+ )&ffi+,@fl.<{fi4<897<689{Kz8;")&*;"&KÊfl .<-#*6N4#*fl,fl fi+ffA89ffWfl .<%fl,&*fl#:4&'4BM<;#*fl,8;&'ffs#*-289ff
&'ffv- 8;ff=*;v3&*;&'ffffi!*jvff<;!0fl .<@fl 8;6N@;#'4- q)&ffi+(fl.<{7<89-,#*-  fl &?-4+ fi#'7$#*+ &'MffB7$fl,&N&*fl.<fi+z3&*;&'ff<8;fi-Q6?#!$3#'M-,@#
-6N#*"fl 8;6N7<fi;#!'J&ffi6N4B#*+ fi7Afl,&0#*ffAfi4<897<689@89ffA&ffiff<{1<8;=$&*;&'ffffi!'j
¤





K.<+,$7<ff- 8"fl®!k8;-4+,&ffi4B&ffi+,fl 8"&ffiff#:fl &Lfl .<5fl,&*fl#:4&'4BM<;#*fl,8;&'ffe- 8"mfi*jWz.<8;-%;fi#*+ ;!k-.<&K-@fl .<A7<8;-4+ &'4&'+ fl,8;&'ff#*fl,
89ff>ªM<ff &:)fl . 7<#:fl .5+ #*fl,D fâsîI/j&'+n;&K¬C#:9M<fi-&:)Ùv÷q#*ffB70"&K§-M+ Cffi8;C#:
îuD\#*-(8;ff$fl .< EGHgfi4<897<fi6N89I/J
fl .7<8
fi+ fiffB{89-zŁffiM8"fl - M1B-,fl#*ffffifl,89#:\j
Ñ'aZÅrOT
	 T:È?Ô3Y®Ô	%ÔÇ/Y¥XZÈ0TY®Ô/Ç
z.<W4#*+#*6N3fl fi+-#*+ $-,fl 8;6?#:fl fi76N&ffi-,fl "!l)F+ &'6äfi#'+,;8"+4M1"89- .fi7r7B#:fl #¨Kz8"fl.r6?#*ffffi!7<8
fi+ fiffffiflN-,&ffiM+ 3fi-#*ff7
&'";fi3fl,7?8;ff$78
fi+ fiffffiflnK2#!<-3jz.< 7#*fl ##'+,- &'+ fl,7N8;ff$78
fi+ fiffffiflnfl#*1<;fi-fiJ'fl &%&ffi6?4#*+ &'";fi3fl,fi707B#:fl #{)F+,&ffi6åfl.<
-#*6N(- &'M+'jd(- fl,896?#:fl fi-8;ff#'1<" ffi#%D¥7#*fl #z)F+ &'6×Gv8;3fl,m'J}qfi8;7<3c~ffi*+ =*ff- fiff{#*ffB7{}#'+ 
&'fffiffJ>ffih'i*h% õFI78;-4<9#!
#@9#*+ =*zC#*+ 8;#*fl,8;&'ffJ*K.<8;/.?89-4B+,&ffi1#*1<;!7BM<fl,&.<8"=ffi.?Mff+,fl#:89ffffifl®!%89ff0ü
J*fl .8;ffffifl fiff- 8"fl®!N&:)fl.<fi48;7<6N8;*jxff?fl.<89-
3#'-,qüN89-(fi- fl,896N#*fl,70)F+ &'6yfl .<vff>M6%1fi+(&:)4MB4-2- M+ C>8"C>89ff<=fl.<q4<8;7fi6N8;*jxff$#*1<;%f1J<û$89-(-,fl 8;6?#*fl,fi70)F+,&ffi6
<fl+ #'4B&';#*fl,8;&'ffs&:)n3&'Mffffifl,89ff<=ffi- 1)&ffi+,$fh*i'iJ#'ff7¨3&'Mffffifl,89ff<=ffi-89ffeffih'i*hJb- .&'+ fl,;!W#:)fl,fi+ fl .%fi48;7<6N8;5DFfi8 w,ff7fi+-
#*ffB7s¦#*ffB:fi- fl,+3Jffih'h*¨ffiFIUj} fi+ KQff<fi=*;fifl #*ffffi!W4BM4-v1B&ffi+ ffL7MB+,89ff<=$fl.<%4<8"mfi&>&*fl,89{89ffeffih'i*iBjQxffu#'1<"5ffi




+,ff>)3;¥JB¦&'fffi+ ='#*ffA#*ff7A} #'+,KQ&>&<7Jffih'h'W fiJ}v#*+ K(&>&<7$fifl#:\jzffih*i'hA hFIUj
N¿b¿¿3¼vb¾'¿3¿
tq-K( 3#*ff?- 3z)F+ &'6­|8"=ffi-zfq#'ff7$<J'fl .<q6N&ffi-,fln896?4B&ffi+,fl#*ffffifl4#'+ #'6N3fl,+89ff?fl .<q73C*fi"&ffi46Nfiffffifln&*)
fl.<4<8"mfi&>&*fl,89z89-
îJffifl .<v- M+ C>8"C#*4+ &'1#'1<8;"8;fl®!&*)8;ff<)fifl fi7$- fi#*;-fij)- M+ C>8"C#*bîW89--6N#*"\J>6&ffi+, -,#:9-nKz8;"
7<8; #*-(#&ffiff- fiŁ>M<fiffB
&:)Qfl .<?89ff>)fi3fl,8;&'ffJ1M<fl{#:9- &Afl.<?fl,&*fl#:|)F+#*3fl,8;&'fffvâü¨&*)(- fi#:9-vfl .#*fl1B&ffi6N89ff>)fi3fl,fi77MB+,89ff<=sfl .<?4<8"mfi&>&*fl,89
Kz8;"1$.<8;='.<+3J1B3#*MB-,0&*)Q#L4&'- 8"fl 8"C')fifi71B#*/L89fflfl .<$- !<-,fl fi6WÂ{)Qfl.<5-M+ Cffi8;C#:+#:fl,$îr8;-@;&K{Jfl.<fifflfl.<

	 T'SY\XFR_0&*)-M- 3fi4<fl 8;1"{- fi#:9-QKz8";+ fi6?#:89ffA+ 39#:fl 8"C'3;!$.<8;='.W7M+ 8;ff<=Nfl .v4<897<fi6N89{#*ff7Afl .<+,3)&'+  fl.<v)&'+@&:)
89ff>)fi3fl,8;&'ff¨Kz8;;|#*;- &A+ fi6?#*8;ff¨#*flv#A.<8;='.<+q;3C'3\jv¯§8;fl .l.<8;='.<+ -M+ C>8"C#:|+#:fl,-3J
#W- M-4<fl,891<;fi#*ffu.B#C*%6N&'+ 
&ffiffffifl #*3fl -QKz8;fl .W8;6?6Mff<8;m3fi7lD\+,&C*+,7I#*ff<896?#:9-3J<fl.ffiMB-z+,7M89ff<=?fl .&'ffffifl#*fl-QKz8"fl.A89ff>)fl,8;&'MB-z8;ffB7<8"C>897M#*;-fiJ
K.<89/.$;&K(+ -fl .<v)&ffi+ 3q&:)8;ff>)fl 8"&ffiffjnz.<89-(89-2- MB44B&ffi+,fl fi7A1'!$7B#:fl #)F+,&ffi6¡>&'fl,9#*ff7JffiK.fi+ *J<&ffi6N4B#*+ fi70fl &fl.<
¯#*77<ff¡>fi#J.8"=ffi.<fi+@-M+,C>8;C#:|ûkK2#*- )&ffiMff7k8;ffk&'61<89ff#:fl 8"&ffiff¨Kz8;fl .k"&KQfi+v4+ 3C#:;fiff3&*)EGqHé#'ffffifl,891B&<7<8;fi-fiJ
8\j 'j"&KQfi+Qü¨D\-,fi{fl #*1"{òffiI/j
E(+ 3C>8"&ffiM-6N&<7<fi";8;ff=N4+ &'1"6N-()&ffiMff751ffi!0} 3897<c®~''+,='fiff- fiff0#'ff7$}N#*+
&'ff<ffLD,fh*h'*#ffiIq^f#*+  - &*;C*fi75ff<&K{j
z.<Nff<3K¹4#'+ #'6N3fl,+zfi- fl,896?#:fl fi-v- .<&K×;8"fl fl,;C#'+,89#:fl 8"&ffiffA&C'fi+qfl .<N7<8
fi+ fiffffiflv&*;&'ff8"-3jqt­6N8;ff<896?#:='+ &'M4L- 8;m3
ff<fifi7<7sfl,&$#:;;&K°)&'+q#*ffWfi4<897<6897<&>-ff<&*flq<8;- fl3J1M<flfl.<%- fi#:9-z89ffW=*fifffi+#:- 3fi6áfl,&0;8;C*#:fl7fiff- 8"fl 8"-KQ3;
#*1&C*{fl.<%6N89ff<8;6?#*7<ff-,8;fl®!sff<37<fi7Lfl &$- MB-,fl#:89ffL#*ffsfi48;7<6N8;*jtqffsfi48;7<6N8;#'33&'+7<8;ff=0fl,&$fl.<8;- 6N&>73Kz8;;
)&*;;&KÞfl .<L-#*6Ns4#:fl.r89ffp#*"3&*;&'ff<8;fi-?#'ff7r4&'4M;#*fl,8;&'ff-fiJ89ff7<4Bff7<fiffffifl0&*)qfl .<fi8;+0- 8;m3*jpxffp#'ffrŁ>M#:2fl,896N
89ff'fl fi+ C#:#'ffWfiŁ>M#:)F+ #'fl 8"&ffiffs&:)fl .<4B&ffi4M<9#:fl,8;&'ffsKz8;;1fi&ffi6N8;ff<)fifl fi7j@vff<"!W7<fi6N&'='+#*4.<89{- fl,&</.#*- fl,898;fl®!589ff
DFC'fi+ !BI-6?#:;='+ &'M4B-Q6?#!5fi#*M- {7<8"b+,ff'fl+ fi-M<;fl -fij
}q&KQ3C*+3J>7#*fl #)F+,&ffi6 ¤ +,#:fl2©z+,8;fl #*8;ffA- .&Kg7<8"b+,ffffifl2+ fi-M<;fl -vDFfl#*1<;{òffiI/j(vff<"!A#*1&'M<fl@f´­&:)fl .<%¡>3&*fl,fl 8;-.
4&'4M<9#:fl 8"&ffiff¸7<8;fi7g7M+ 8;ff=rfl .k4<8;7fi6N8;pD¥z.&'6?4- &'ff¸#'ff7§¨8;;"+3Jffih*hffi°ffihFIUJ@1M<flWfl .<89ffffifl,fiffB-,8;fl®!¬&:)%fl.<
fi48;7<6N8;QK2#*--,fl 8";<ŁffiM8"fl 2.8"=ffi.j fl.<fi+#*Mfl .<&ffi+ -|.#C'(-M<=*='fi- fl,fi74<9#*ff#*fl,8;&'ff-)&'+fl .8;-fiJ*-M/.%#'-fl.<2fl,89689ff<=@&:)
fl .(89ff>)fi3fl,8;&'ff%8;ff+,fi;#*fl,8;&'ff@fl,&@- fi#*- &'ffB#:*1fi.#C>8;&'M+#*ffB7{fl .<24+ fi- fiff3n&:)b-,&'ffB7#*+ ! 89ff>)fl,8;&'ffB-Qffiòj|z.<&'6?4- &'ff
3fl?#:\j;D,ffih'h'ffiI?^fh&'ffB9M7<fi-fl .B#:fl%8;fl?6%M- flN.B#C*513ffr7M<Afl,&k38;fl .<+N#k6%M<fl#:fl 8"&ffiffe&:)fl.<AC>89+ MB-%&ffi+%.<8;='.<+
+ fi- 8;- fl #'ffv&:)|fl .<¡<&*fl fl,89- .s- fi#*;-2#:=ffi#:89ff- flQfl.<{89ff>)fi3fl,8;&'ffj
Õ &'6?4#*+ 89-,&ffiff?&:)&ffiM+(4B#*+#*6N3fl fi+n-,fl 8;6?#*fl,fi-(89ff$fl .@78
fi+ fiffffifl(#'+,#*-(- .<&K-(fl .B#:flzîL7<89- 4<9#!<-n9#*+ =* C#'+,89#:fl 8"&ffiffJ
K.<8;"WÙ
÷
89-Ł>M<8;fl,W&'ffB-,fl#*ffffifl3j¨¯ls&'ffB9M7<5fl.#:flN6%M<fl#:fl 8"&ffiffe&:)fl.<5C>89+ M-N&ffiM<97.#*+7<;!l.B#C*5fi#*M- fi7fl.<
+ 3=*8;&'ffB#:78
fi+ fiff3fi-fiJ<-,89ff &'ff<;!06%M<fl#*ffffifl -(Kz8;fl .5.8"=ffi.<fi+QÙ
÷
.#C'q=*&>&<70&<77-(fl,&8;ffffiC#*7v7MB+,89ff<=#'ff0fi48;7<6N8;*J
K.<+,#*-@7<8"b+,ff- 89ffl7<fi#*fl .l+ #*fl,?7<&Lff<&*fl@89ff>ªM<ff?fl .?-Mfifi--v&:)2#5C>89+ M-@&ffiffu-M/.l#A-.<&'+ flvfl,fi+6WjGv8")Zc
)fi+ fiffBfi-N89ffr-M+ Cffi8;C#:23#'ffr1A3<4;#*8;ff<7r13fl fl,fi+01ffi!e7<8"b+,ffffiflN;3C'39-%&*) 4&*;;M<fl 8"&ffiffj}v#:;QfiflN#*¥j§D ffih'h''I5 i
4&'- fl M<9#:fl fi-Qfl .#*flQ.8"=ffi.$&'+ ='#'ff<&</.<;&'+ 8;ff<z;3C'39-KQfi+ @#*--,&<89#:fl fi7?Kz8;fl .W.<8;='.<+(6N&'+ fl #*"8;fl®!N)F+,&ffi6éEGHJ<#:;fl .<&ffiM<='.
#@7<89+,fl|"89ff&'M;7Nff<&*fl1zfi- fl #'1<"89-.<fi7j7Mfl 8"&ffiff%&*)896?6%Mff<2)FMBfffl 8"&ffiff-&:)
-,#:9-)3fi78;ff<=@)F+ &'6¹fl .<z.<#Cffi8;;!
4&*;;M<fl fi7s©z#:;fl,89{- fi#0.#'-z#:9+,#*7<!513ffL- .&KffW1ffi!W7<¡ffiK2#*+ flz3fl#:\jqD ffih'h:>Iv ò#'ff7W&'--zfifl#:\jqD,fh*hffi´'Iv^fij
z.<89-n6?#!%3#'M- 2.8"=ffi.<fi+fi#*- 26N&ffi+,fl#:;8"fl®!$fâ0î$#*ff7?4&'--,891<;!%#:9-,&{.<8;='.fi+-M- 3fi4<fl 8;18";8"fl®!N3#'M-,89ff<={#@.<8;='.<+Ù ÷*j
tq-Q4&*;;M<fl 8"&ffiff$89-+ 39#:fl 8"C'3;!;&K°#*+ &'MffB75¡>&'fl,9#*ff7Jffifl .8;-Q&ffiM<;7$4<9#:89ff0K.ffi!?+ fi- 89-,fl#*ff3q#*ff75- M+ C>8"C#*B&:)fl.<&'- 
- fi#:9-.#'-n1Bfififf0.<8;='.fi+fijEn#*+#*6Nfifl,fi+-,fl 8;6?#:fl fi-|)F+ &'6åfl .< 6&<7<fiB-.<&Krfl.#:fl(î589-n6%M/.?.<8;='.fi+#*ffB7NÙv÷z89-3C'fiff
#"8;fl,fl "@;fi--(fl.#*ffA89ff5fl.<{6&ffi+,@4&*;;M<fl fi7A¯l#'77<ffs¡ffi#J>x+ 8;-.W¡ffi##'ff7A#:fl,fl 3=ffi#:flxc,¡>#:='fi++ #'#*+ fi#Bjtq"fl.<&'M='.
fl .$6&<7<fin4+ fi- fiffffifl,7k.<+,?3<4;#*8;ff-{6N&ffi-,flv)fi#*fl M+ fi-@&*)(fl.<$-,#:|fi48"mfi&ffi&'fl,89:J&*fl .fi+@- M=*=*-,fl fi7k8;ff<ªM<fiffBfi-{#'-
6Nfiffffifl,8;&'fffi7s#*1&C*@- .&'M<97Aff&*fl1+ M<;fi7A&'Mfl3jMB+,fl.<fi+z+ fi- fi#'+ /.58;-zff<fifi7<7Wfl,&$9#*+ 8")!$fl .<89-289- -M<*j

$¾'½B½BÀ½
¯k2fl .B#*ff{GvfiffBff<8;-|u&*;"89-,&ffiff{)&ffi+-.#'+,89ff<=qKz8;fl .NM-.<89-8;7fi#vfl,&@-,896?4<;8)!fl.<z7<fi+ 8;C#*fl,8;&'ff
1ffi!$89ff'fl+,&<7MB89ff<=0#*ffW8;6?#*=*89ff#*+ !0&'+v 3#*+71&'#'+ 7<- fi#*¥j
½ff>½	½Bb½B¿






	/ÍAT:_bÓ5T/É*Éb]^XFSUTY\XFR_Ç3abj jBt ff7<+ - &'ffkDF7I
<jøj
Õ
j jGv$~*&ffiff<=BJjGv8;fi>6?#*ffffJ~Bj tj Ej}qfifi- fl,+ 13jD ffih'h'´'Iz}q&Ky7<&>fi-@fl +#*ffB- 6N89- - 8"&ffiff¨&*)(89ff>)fi3fl,8;&'ff
7<fi4fiff7&'ffN4&'4M<9#:fl 8"&ffiff- 8;m3! 5xffÂ
Ë





òjøj ¦(jG q¡ffiK2#*+ fl3JEj^¡bj&'--fiJ¦j ~BjHfi7B7<fi+fiJ:}%j }%j:2896?6Nfi+6N#'ffJffi¡bj }%j} 389-,fl fi+#*6?4J}%jHn#'ff%¦&C*+,ffJ~j
¤
j
H&'-fiJEj ~Bj }%jq38 w,ff7<fi+-fiJtj GNj j dqjv-,fl fi+.#*MB-3jD ffih*h*>Iqx6?4#:89+6ffffifl{&:)28;6?6%MBff<?)FMff3fl,8;&'ff89ffe.#*+1B&ffiM+
-,#:9-%OQP<RfiSUT5VfiXZY\[<]^XZ_
T'&q)fifi7<89ff<=0&ffiff$-.A)F+,&ffi6Þ4&*;;M<fl fi7WK2#:fl,+ -fijÆ È)(XFR+*-,Â2f´*´cUf´*hj
Bjøj ¦(j:Gvv¡ffiK2#*+ fl3J:Ej^¡bj:&ffi- -fiJ:}j }j'2896N6N+ 6?#*ffJ*}%j ¯¶j*H&ffi-3J'Ej ~j }%j:fi8 w,ffB7<fi+-3Jffi~Bj
¤
j:H&ffi-3Jffitj Gj j dqjffiv-,c







j j>7<v~*&ffiff<=BJffitj tj<7<q{&>fi8 wx+3J'Ej ~j }j'q38 w,ff7<fi+- D,ffih'h'´ffiIz.<)&ffi+ 3&:)89ff>)fi3fl,8;&'ff089ff
44B&ffi4M<9#:fl,8;&'ffB-&:)C#*+ !>8;ff<={- 8"mfi*Â|#6N&<7<3;"89ff<=4+ &'1"6Aj5<R[fl	/_bT:]bR  (3XFR]"RÌ:XFSUT:]6ÍÇ/YÔ3ÈÇ87:9R];aÑ;*DF89ff$4+ fi--UI/j
õjøjG 8;3fl m*J2j Ej}qfi8;7<3c~ffi*+ =*ff- fiffJ@j}#*+
&'ff<ffj2D,fh*i*h>I{k#*--07<fi#*fl .-?&*)v.#'+ 1&'+?- fi#:9-?89ffrdQM+,&ffi4B'j
Æ È<(3XFR>=@?Âñ*´:i:c®*õ:j
>jø©vj @j ¤ +,ff>)3;\Jj d j¦&'ff<+,=ffi#*ffJ
~jb}v#*+ K(&>&<7jD,fh*h'ffiIAvM#'ff'fl 8"fl#:fl 8"C'%89ff'C'fi- fl,8;='#*fl,8;&'ff- &:)nfl.<?fi4<897<fi6N8;&*"c




ij tj ~Bjffi} #*"\J>j %jffi¦#K{J'GNj dqjffi¯kfi"9-3J<~j>} #*+ KQ&ffi&<7J'}%j>&ffi- -fiJ<¡








hj ~Bj} #'+,KQ&>&<7J'¡bj Gj Õ #'+,fl fi+fiJGj dqj}vM<='.<-3J Õ j d j©Qfi"\J*~j %j©2#':+3J}%j ~j Õ j Õ &ffi+ ffffiKQ3;¥jffiD,fh*i*h>I¡>fi#:<7<89- fi#*- 
4+,7<89fl,8;&'ffB-3jEDTY\[fl	 ÔF,-,GÂ õ>
ffiBj2j Ej'}qfi8;7<3c~ffi*+ =*ff- fiffJ*@jffi}#'+ 




f*f'j2j Ej}qfi8;7<3c~ffi*+ =*ff- fiffJ|@j}N#*+
&'ff<ffJEjJItq1fi+ =BjQD,fh*h'ffiI ¦&ffiff<=:cfl,+ 6 
fi3fl -&:)zfi4<8;m3&>&'fl,89$89ff.#*+1&'+
-,#:9-(89ffWfl .<{#*fl,fl 3='#*flxc,¡>#:='fi++ #'#'ff7A#'7w,#*3fiffffiflz#*+ fi#'-3jBÆ È)(XFR$*H=bÂ ´f*fcx´<fõ
fj2j Ej>} 3897<c®~''+,='fiff- fiffJffi@j<}N#*+b&ffiff<fiffJffi%j<G 8;3fl m*J<Ej jz.<&'6?4- &'ffjbD ffih'h''Infifl + &'-4Bfl,8;C*v&:)fl .<?ffih'i*i
d(M+ &'4fi#'ff5- fi#:4<8;m3&>&*fl 8;*jEKX9Ç3ÔUTÇ3ÔÇR

ÆML[BT:Y¥XFSONP	¥Ì'T:_BX9Ç/ÈÇQ=@,Â òffic®õ'j
















jb¦)ôfiC<+,'jD ffih*h'òffiIzG 89-,fl+,891M<fl 8"&ffiff¨&*)(fl .%ffB#:-,fl#:fl N#'ff7u- 3C'fi+ 8"fl®!s&:)(fi4<897<fi6N893-vKz8;fl .u)F#:fl #*
+,89- bj6Y®RS/P<TÇ/Y¥XFS@OP	RfiSUÔÇÇ3ÔÇ%T_bÓ$YFP<ÔX"	@ÆQÉ*Éb]^XFSUTY\XFR_BÇPZ?Âñ''cx:h*
f<j2Ej ~j }jBfi8 w,ffB7<fi+-3J




ffiiBj2Ejñ¡bjB&'--3Jj ¦jBGv?¡>KQ#'+,flfiJEj ~j }%jBq38 w,ff7<fi+-fiJB}%jHn#*ffs¦&C*fi+ fiffJB~Bj
¤
jBH&ffi-#*ffB7Ltj Gj j dqjv-,fl fi+.#*M-fij
D,ffih'h'´ffiI
Õ
&ffiff'fl#*6N89ff#*ffffiflxc®+ 39#:fl,7$-M44+ fi--,8;&'ffA&:)|7<39#!*7>cfl®!>4@.'!<4fi+-,ff- 8"fl 8"C>8;fl®!5#*ff7W#*ffffifl 8;1&<7<!A+ fi-4B&ffiff- fi-
8;ff0.#'+ 1&'MB+- fi#:9-|)7$.<fi++ 8;ff<=@)F+ &'6yfl.<©z#:;fl,89v¡ffi#j
Ë
_BVX"	 R_È?Ô3_BY®T]fl[%ÔUT:]^YFP%OÔ	UÇÉ<ÔUS3Y¥XZVÔÇ=@\,ÂQffiõfficUffiõ>
ffihBj2Ej jffiz.<&'6?4- &'ffJ'GNj'u8";"+3jbD,fh*hffi'IEQ.<&<89ff<q7<89-,fl fi6?4fi+(Cffi89+M-n&ffiM<fl 1+ fi#'%89ff0fl.<q¨&ffi+ #!|8;+ fl .$3&'6?6N&'ff









































































Hn#:9M<-v)&'+{î#'ff7uÙv÷?8;ffkfl #'1<;Wf3còW#*+ fi#:93M<9#:fl fi7u)F+,&ffi6±ûe#*ff7küLfi- fl,896?#:fl fi-fijNz.<-,?-,fl 8;6?#:fl fi-@#*+ Nfl #**fiff
)F+ &'6Ð;8"fl fi+#:flM+,'j
¦&<fi#:fl,8;&'ff û ü î Ù ÷
#j|Gvfiff6?#'+ uffi:
{&'- fl,+ j ò*i j '´ Bj ò'ò <j;f
Hn#*+1fi+ = j ò*i
}q- - 39 j ' j f j ò'h òj 
tqffB.<&*;fl j ò*ò j *ò j òBf <j 

I
#''#*4B4Bff j Bf ¸{j *ò j  ¹q<j ò
1j#*fl,fl,fi='#*flQ#'ff7W¯l#'77<fiffB-,#N#'+,#Wfnº
³qfifl .<+,9#*ffB7- j * j *ò j > <jñ´
³q8;fi7fi+- #'/.-,ff jñ´: j *ò j ffii <j õ
¡>/.<;fi- K{j } j ò*h j *ò j ò> <j ò
Gvfiff6?#*+ j 'h j *ò j < <j õ
:jG@#:fl#)F+,&ffi6ÐG 8;3fl m3flz#*¥jn#'ff7
¤
+ fiff<)3;3fl#*¥jq õQ fi
#:fl fl,fi='#:fl.»{¯#*7B7<fiff- fi# j ' j *ò j ò'i <j 
#:fl fl,fi='#:fl.»{¯#*7B7<fiff- fi#ºº j ' j '´ j ò> <j;f
d(#'-,flzt ff<=*;8;# jñ´* j '´ j ffih <j ò
x+ 8;-.A- fi# j õ* j '´ j ´*i <jñ´
d(#'-,fl fi+ffW¡>3&*fl ;#'ff7 j h'´ j;f j h* <j;f
d(#'-,fl fi+ffW¡>3&*fl ;#'ff7ªºº j h* j;ffiõ j i'i <j;f
¼
±n½FryzrMtv}u2)ru|oFtvu|}¾x8};q
y|{~q!0flo8td};u|oQrq>rt~ywo'u0ywmoFo'{~o'U{~x¿{~0ywmor.!o'uwroPtvu|}W½lo'q+ru|¤ff
yzrsoU¨;£
¼;¼
±0ÀlnywmoFryzrUru|oFq}ylrsŁ0r'¥Rx};q@#{~#ywo'q
yRtv}u2ywm{~Rru|o.ry#}{Łffo'u|o'q
y2o.#y|{+rywo.2ru|ox8}q@#{~o'u|o'E£
